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(54) WALKING POSTURE GENERATION DEVICE FOR LEG TYPE MOVING ROBOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To smooth the vertical 
movement of an upper body and movement of joints by 
providing an upper body vertical target position deciding 
means which decides the vertical target position of the 
upper body based on the upper body locus and a leg part 
link locus. 

SOLUTION: A walking way of the feet is decided so as 
to be stored in a ROM 84 of a control unit 26 as a foot 
flat locus parameter. An upper body locus parameter is 
so decided as to satisfy a decided target ZMP and 
stored in the ROM 84. The stored parameters are read 
out one after another so as to be inputted in a foot flat 
locus calculation algorithm and an upper body locus 
calculation algorithm so that a leg part link locus 
containing at least either one of the target position or 
the posture in the tip part of the leg link, namely, the 
foot flat position and posture of the both legs and the 
upper body posture and a horizontal position are 
calculated. 
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[ tuv&et ] ±&<dm s ceo c > r 2«mK» e> a & 9 
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4tfft<0£(AX3UDi AY 3U p» A 2 SUP) fcBffO B*ttW 
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EXIT A 



TE<0 *SSt C <fc U M S ft * ft i 



<25 



S»0 
5/W 



Zt>«Zb-S*Err 



(return) 



(t-cw(0sup)Mos{ea<O)»$in(03ap) ( l-cos(e»^co8WswsO)*sin(enM) 



(2) 
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iwm i ] 'pu < £ t±#£ . mse±mcm i ©w 

g54 /r 0 -C3BS 3 ti S Mfc#©WSB U > * £ &h ft 9 . 
MteWSP y > * *J*©^S3PS -ccc^tt < £ t 1 <I©?8 
2©Mg&£WL<Tft&lfflJ^®jn*';< FO$^|»t 

a. wie±^©7k¥^as{4g*sJ;i>'^©^> ) tc< i 

<> ±fm»*wers±f«u*we#«. 

b. fri2«ia5y>i'5fe4SSP©a«fi[»*jj:^^o^& 
< £ 4><,>-rfta>£^tfWSB y > *figfr£f9:«r s wsu y 

c . swaKjes hfc±tttUH» J: y > *ms»c» 

CM«92] WE±«K!!)ifiia*lSlfl:B«:M-r*as«W 
&*>6ft wiMEM 1 *J<£ Cffll 2 ©08fi5©it>ft < 

«sr*4c £ *w«4r sa&ws 1 mmvm^mih 

m*m3 ] mum 1 *j:ef*2«>H»©5wa < £ t 

H«iB^2 ©Kigs©S!ffi*Jcfco'aa©^^ < £ tor 
n*>{cMLr*f«5S;£&oro-5c£*#»£rsiB* 
31 2 JSfEt£©l»5£f£»>a # » h ©#«£*k«k. 
[ 4 ] «ne±#©lfliff #fflti«*i* # < ft 6 K 

on-CHuiaii^rasi:©fii* s #it3(c^br 4 c £*i#i&£ 
r * mm 2 « $ tc a 3 monsm ©# 

tit 5 ] 8*ia±#©*¥;m6j@«ftaasi,>tt3S 

©4>ft < £ t ir»ma»#. flgawftflrc* s c £ 
£r-5i»*Ji i aftt^4ia©c>ma>KiBtt©»^£ 

e . mZ±#<D$Sm.*fo<Dm&<iL&*n® ( n 3? 1 ) & 

^©iso^ams^^-r sci £ -r sit* * 

Z = f (Bt^IJ) 



* 3i i o 5 Jf©t,>rna>&tfB$£©!«^i&n tf' * h 

®[£rsfi*Ji6^i2ts©«is:^a6n^ ^ f-©^£e£ 
sis. 

g . mimtnz&tcw-isjmoprj: < £ 4>c^rn*^^?t 
<br fc**.sc£*4**£r&tt#JB6 

io [ wjjaa 9 ] Birt a±i*isii:*ifi] s«fita?stee#©w . 
es*ffi&-sc>«iRms?fit©ii>ft< £t«,»rn*^^r 
mizmzx&z c £ *m£-r sis#ji 1 wm* L8m 
©om*Hcfa«g©p^«jp^^ h©^s^iis. 

[fi^JI 1 o ] ik, 

h. wreaks *ifc±«*tt£. tmv>* imt. & 

i . MiBStHIHfijft £ ft£ J: 5 {CjftiBSP 1 *s ct^2 © 
20 W&Z2£.(ZfflmTZ&®fflW£®. *^tfC£*4$®£ 

•r-sw^Ji i Jiftt^L 9ii©orn^«:iBis©«i^»i 
[ fit*:jf i i 3 ira 2»&m o # » h * s 2 n« wr * 

*Nfa#? h-c*'). fflftam 1 ©Mfi5* s fl9Ki5. MIBH 
2 ©Mgp*i«M8p-CS>€. C £ 8t£ -T SIS*JS 1 lift 

t^t i oii©or4T.^(ciaig©w^#!ftp^i' h©^ 
[ M*if i 2 ] wnmasn o ^ » h w 3 w«±©w 

SP* -5 ^W^tf P ^ h 0 , OTfB^ 1 ©Mgff # 
30 m«U»H«i. «riB»2 0H»«iB««-C**Ci*» 
S4£ r 1 *ftl» L/ 9 m<Dl>-Ttifrlc%3t!i<DMi£, 

[0 00 1 ] 

[^Hj©ii-r-sir#^if] c©*bj«, h^c^i&pxk? 

h O^^mmm. <fc»)fiFKH2£(2») o ^" 
v hft£©)«l3C^jftP^^ h©±i*©iSS^ (S*^ 

WS*£i«r*#S&JdSBS«K:Hr*. 
[0 00 2] 

40 [S£*©gJIS3 JKmboiKv Ki±«e fcJ:^ 

*n«:i««5*^b"Cig«fS*isjw owsBy>^) ttfth 



= a, 



t" +a„_, 



(±IB-C, Z : ±.#<DEmm2. t : B#^IJ) 
[0 00 3] ^lJ©^*^{|5^fife(C*Jt>r«. TfB5« 

Z= f (X) 



+ • • - a, • t 1 +a, 

sc-©Sn<, ±tt©g«i©;*£. ±<*©@S7K¥^<a©^JS 
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= a, -X" +a„-, • X"- 1 
<±IEt?. Z : ±.W<DSWm2, X : ±&©@*§W<¥^ 

m 

sma ■ mm. ±w<Dm^mmhm^<D^ma.-cmm 

kSS-TSJ^K:. WiU*ZMP;W¥&nJtB«iffl«:A*<fc 

[00053 ±&utci&&%m&mc*s»z>±&mm& 
e>±#£ -c©i^gt* s wo^ y > ?©* $ ©in «fc o t 

20 

[000 6] -e©fctf>. fi£*&ffi^ffiiCifc oti*. ~> 5 

i$jiK©jtC>ft ftM y X— > a 
[000 7] •eft'D^-ac^LT^'S »U-^a>_t© 
ttfr ^|a-C^±*©eSW2 LTfc < C i tt. 

fcfWC**. W©MS5#S©ffl##&-f-5>«iE 30 

ft a * £j£ o r 3 -a- £ c <t #-c # ft*» . 
[ooo8] jg{csij©fi^^j^Sfc*3i,»r« < ±ft© 
±<*©e«^i&. *Jcfcj>*»©^gf5©a 

3mW©«©l*35M#0'^)ofc^. BP%. KOffSsS 
T©J»tC*fl,T. Wft^£±f*©JOTWttWgP£©* 
[0 00 9] C09&t&ffi¥fflCJ:&bSti:> 

mm&mc wvm-i tctz. ±<*©±Tt&©jjnjis#;F 
ittttc&&. m^.«, 2s^tf©^. ±{*©*$©«i 
mtwo'tfj-? fc#p#J5*t©WK:^ 0 <fc zicmti® 

[0010] 

[ m& mm L <=fc 5 £ f S jKH ] C ©^93 tifi^fi^© 

iSEt^riaj (a^fi) ©±*ig;$*i^</^^-^*s-^ 50 



1 0 -86 08 0 
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+ • • • a, -X 1 + a, 
TihtiZtiS. ±tt©±T«Ms*iW»®©tt*JWt6*» 
V. rtvo^a, jia*jj:o'ttIjIg©ti*g*s/jN$< ^^J: 

[OOlUEtC. ±#*S*l!ft<''59.>»-**«M.6 

ss«t£^(c a&ft^T^HJi-r * c t zsim 1 1 sbps 
[0012] stc«. Jtg&aba#? h(c*i^r. ±<* 
aflMJSttJWhS < ft 5 &caiEK:±<*l«3£&5£-r 

^ h (D&mt&m&z&m-r z> c t. *ftisfiwft mm t 

[0013] 

[SiH*^-rsfcib©^s] ±M<Dmm%mmtz>tc 

it*^ lJSfc* -5 -CW. ii>ft< i4>±i*£. mm 
±*{CSI 1 ©M»*^-i/riBS3n*«BE#©*»u > 
* i *>6 ft 0 . SW BWSP > 9 #-£©$BgSP£ -Cic^^c 
< £fc lfi©^2©Mt5 ; S:WL/rft.5W«^«)P#^ h 
©*£&£»£$lgfc:*5t,>T. MI2±i*©*¥^[Sie«(4a 

*jia t sgn©^>ft< £^i^-rn*^^> wfiB±*©is 

s^©. BtfieusB > ^$fe«sp© a^fiigfc <fc o'S?^© 
it>ft < £ «, »-rn*»*stf wsu u > 9 nmzwtfe? % m 

*jJ:o*Wg|5 y > 9&ffilcm^Xm2Z±it<Di8&J3fa&. 

(89. cc-c r±{*oisB^fS]fiigj «. zfA±©ffl{c|5g 
zxTO*4i^«ZY?ffl±o(ir*^tfej: 

[0014] is*3i23icc*- 3 -c» > m&±.fc<D$am.-% 
(SjfigccwrsiiMM^e.ftS^^. MiaisifcJ: 
o*H2©wgB©ii>ft< £^^-rn^©^fic(cnai-s?#6 

[0015] it*^3 m<<c$)r>r\t. mmm 1 fccto'm 
2 ©Ki5©^ft < t t>^m^©^<aK:ra-r -s^^ft 
a«a««*»6tt mrfa*2©wge©^fifcj:<>- 
^S©^ft < <t fc^m^JcworWif^.tftori,^ 

[0016] lf*^4^c*-^r«. MIS±<*©ISia^ 
[0017] m3&M5mc$>~,Xl<Z. MIB±^©7K¥5? 
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&tR{4B*&C>a&f&©4>&< i b^-ftlfrtfi. {BMtfi 

[0018] lf*^6WC4>^r«. imait&aaD^ 

nfl (n 2 1 ) i&TTSn @tll&B&^I2> fc.fcO'iW 
laft? £ BUfB n MO S H&B t (D¥-im*>£#> S^fflS 

[ooi9] i»*gi7«K*"9"t:«. Wfa^ffl^Jn* 
[0020] aMtJHSwcfcoTtt. wTia±^8ii:*i^ 

ft. 

[0021] iiti9S(i:ftot:B, m&±m5m.jjft 

[0 02 2] m&m 1 0«iC*or«> Etc. wiass 

mnnm^&L. te^vm^mMMBnttezji^icmiz 

[0 02 3] ttgSB 1 1 JgfC&oTtt. RNBJN£&tta 

h3&s2W^*-rs^fa^^ h-e**?. Miami© 
mB&wm®. iw2*2©B8fls*ia«*-c*s*p<«ja 

[0 024] It** l 2a^c*-p-c«, tMBMSgSttn 

9. tuiam i <Dm&&tfvtmM&, wmm2<DmB& 

[0 02 5] 

[aubj ±#©±Tttfc<fco'iiggi5©»£#*#e>a>-c. *» 

iSiEcc_hf*«3^S-r-5c<b*i-e^5t«K:. ±f*« 

[0 02 6] E£tt&S£ftfc±ftja^£^tJiiftS$£ll 
-£ J: 5 tcta#», h ©Hffi££ttM«rrS C &a*"CS 

■5. 

[0 02 7 ] 

«T> ^0®*#ML/-CC©^ 
«tU«c. jW^S&ntf'-;- Filt2S (2») *MfP# 
[ o o 2 8 ] m 1 «*©2 JS*Mt ntf" v Y i £^t?^s 

^©I^BJ^-C $> *) . 0 2 tt^-© 2 JS^tf D#';H© 




1 0-8608 0 
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[0029] S^©£n< . 2S^fP^-^ h 1 «^6-e- 

n-en©wsB y > t> 2 tc 6 ^©HffiSrif * £ (ffi»?©« 
t> . 6ffl©w©«±*>e.)e{c. ia (sat) (ommsim 

moWBl OR, 1 0 L (fiffiiJ*R> £WJ£L<t-r.S. 
^TlBlO) . J& (JKSB) ©e-y^fr (Y$A^^f) 0 $A 
^rifil«a2K^-r) ©Mffi 1 2 R. 1 2 L, |Dn— Jl^f 

[Si (x«ist)f3o mmcm2<<cnk?) ©w©i 4r, 1 

4L, BIM>fcr**#Gl©Httl 6R, 1 6L (BufBb 
10 /c^2©Kfi3) . a»©tr»^|^©H®l 8R, 18 
L, mu->U3\fa<DMB2 OR. 2 0 L*>6*»J?X3*i 
•5. 

[0 03 0] J£gUtC»H^2 2 R. 2 2L**flfct<*ft 
-5. ft. C<omWMVit^ JE (foot)* rs^FJ 
5. S/c. *±titfCK±i* (Si*) 2 4#t&W6ft, 

©rtgpcca 3 (cm o r s v ^ ^ p n > f * - £ 

6%5*lJ©^- v h 2 6^t'^msnSo ±E«C*Jl» 

raaK© (jgiwffi) (friaufcmi©n5i5) »«gpi 0 

R (L) . 12R(L). 14R(L)*6,fi««B 
20 ^t>OJERIfi5«W©l 8R (L) , 2 OR (L) 

SfcKM»iJ»H»4«^:iiy>i' 2 8 R, 
2 8L. Bl«|«<baW«54t*THy>i'3 OR. 30L 

[0 03 1 ] _hK©«J5WC <fc !3 , JWSP > f 2 «2^&© 

scc-3^-c^-n^ti6-^©aia*^6n. *&tf4Hc 
cne>©6 x2 = i 2®<DmB*ma.tj:fti&~cm9}i?z> 

Cit, fi*ft{CSfa©tt**#*.'5C<k3W'r*. ffiS 

i©W©WKiW»«:*jc»-c. Ii»ffl2icmt<f;^ 
30 5C, 3£^l«l?rS*<tTS, Sfc. y>^9 2. 9 4. 9 

6©s${*^i-r-5> (0i-c«cne.©y>^©0^ ; & 

[0 03 2] (Si. C©Wft?±M5B, ±^2 4© 
9fJEfi«*»*L/. *ftW«cf4±(*2 4rt©2E*4»'ll» 

(S2K^9 8T^T) &£*©tfgljS*:Kl*-r£. 

[ 0 0 3 3 ] 0 1 (C^TiP< . S5Bg5©T^f«C«^© 
6W*42>-y4 4*i55i#3n. ^J©3*(6J^»Fx. F 
y. F z <t*-^> h©3^fiS^Mx. My. Mzi 

40, ffltS. ^/c:, ±&2 4(C«M«4"fe>-y6 0*sg:g3 
ZI4 («B#fij) (c*f-r4«#4*©ftilflE*tftW 

■r 50-ji yx>3-y*$ts:w6ns. 

[ 0 0 3 4 ] 0 3 BW»i- ? H 2 6 ©»*ffl*^^^P 

^„ -ec{C*JUrMi4i2>-y-6 0%<»:©tH^«A/D^ 
»>S7 Orf^^Mmc^&Si-l. ^©Hi^U7 2 

*/rorRAM7 4{cjH6n-s„ *fcs^«j*-^cc(^ 

50 L/rRAM7 4F*3(CA^SnS. 



[0 03 5] UM3.=- y H*3&C«CPU#>6&-2>fBl , 

mass omk&otin<. ^stu ROM8 4cctSiW 

£„ Sfcf20aggg8 2ttRAM74*>e. J E'©a8 

g&$ijsp«*stii^-cD/A^&ss8 6 tit- #r>y 
[0036] mA\a.c(o^.m.<omm^mtmtzfv. v t> 

f (0 sup, 0 swq) = l/sin(0 sup) + l/sin(0 swq) 

[0039] m%£wmwx%z-\t, ^©j: stc. 

6* sup «_L#©{ig (ffi&) (Xb, Zb)£3mi«<DJ£¥ft 
a (JSWIISI) (Xsup. Zsup) ©pgftT* 0 . 61 swq » 
±&©&g (Xb, 2b) £jSH&©S¥&g (SIT 

ffitt) (Xswq. Zswq) ©W«r*«. X 
H(Xb, Zb, X, Z)= 
acos [ { (Xb - X) • (Xb - X ) + (Zb 



C5) ftffl 3 ?- 1 0-8 6 08 0 
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* 7n- • + - h-e&3#. l§Iia©t{il3tcA*H«{c. 0 

[0 0 3 7 ] HS%02S*tfcuK» h ItCfcOT. ££f 

0swq *^ttAMiiai«tc«#CCU*»ift 
#t6ftt> *>©£?-■&. fiP^. file sup *J«tO*0swq itsE 

J£¥2 2R (L) ©ffiSK, JUfcTOCCK. 
£*W»18. 20R (L) <Dftg (ffift) iTS. 
[0 03 8 ] C CT, 6 sup £ 0 swq KM-r 



•5£1 

* 0 sup = H(Xb. Zb, Xsup, Zsup) 
0swq =H(Xb, Zb Xswq, Zswq) 
[0 04 0] CCC, H(Xb, Zb, 
£9 96*1. 



X, 



• -5£2 b 

z) ttjwmwa: 



Z) • (Zb - Z)} /( 2 • L • L ) -1] 
• • -SC3 

★ x.Z) Q«rftSC£K&SLttttftt£&5&t> 



[0 04 1 ] iC^r. acos©£l|i3c#[-l,l]^*S© 
■C. H (Xb.Zb.X.Z) ©SWJ, ^5r?S/c-rcxb,Zb. ★ 

(Xb - X ) • (Xb-X ) + (Zb - Z) • (Zb - Z)^4 • L • L • 
C®5£», J&Mgi5£JE¥{4B (SMWS5) ©&«**. » * [ 0 0 4 2 ] 5£2(c <fc 9 
©S32 L«T-e<fc£t:££S#-r£. tfr 

f ( 0 sup , 9 swq) = f (HCXb , Zb , Xsup , Zsup) , H(Xb ,Zb , Xswq , Zswq)) 

[0 04 3] COCtB, W)l£©fttfft©Htfrf id sup, 
0swq)«, ±#©ftg (0MB) £P3j£¥Gzg (SlrBl 30 
80 ©W8SEq(Xb,Zb.Xsup,Zsup,Xb,Zb,Xswq,Zswq ) Kg 

(Xb-Xsup) • (Xb-Xsup) +CZb-Zsup) 
(Xb-Xswq) • (Xb-Xswq) + CZb-Zswq) 

[0 04 5] ST. CC-eM^qCXb.Zb.Xsup.Zsup.Xb.Z 
b, Xswq, Zswq) {C*Sl>T. Xb. Xsup, Zsup, Xswq, Zswq^ 

£. PMU«*©tt»«*o. 

[0046] ttff 1 40 
&£±ffc©itS£K:>tf l/T (Xb.Zb, Xsup, Zsup, Xswq, Zswq) 
^S6-C^6ti.5M^[g<DSS«<(C*-S^6«. BP 

*>WOfi3 2LOTT*Sft6K, ±i*©i§i3 Z b 
< -r*KonrWtJ:q(Xb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zsw 

q ) ©tB«i**ec*:*<tt»>. i>rn*coj»3W*oew* 
[0 04 7] cottW*. ££. KHRer*fl?l>-Csr©<ii 
H»f©ttK*6fc«FJjK:*<ei**T?**. BP*. B so 



5£4 



5£5 



[0044] (BO, q(Xb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zsw 
q)©S«Si. fCHCXb.Zb.Xsup.Zsup) ,H(Xb,Zb,Xswq,Zsw 

q))-e*-s„ h& «T©s:*iBii^tc»a 

T5 (Xb.Zb.Xsup, Zsup ,Xb,Zb,Xswq, Zswq) ©;ffl-e#>&o 
(Zb-Zsup) ^4 • L • L • • 'S6a 
(Zb-Zswq) ^4 - L 'L • • -a6b 
7«C*i»,>T±#©S3Z b*i«< 0Tt>< £, WJ8©ffl 
If ft 0 sup *J«fct>'6» swq tt*{Cjfi-3< ©t?. 5£ 1 (D^ffl 
&9©»e*s* CCifi-5#. f (0 sup, 0 swq)©fflW:&* (C 

[0 048] Ctl«. &*£#KC«:. d sup * ifc(i6» swq 
*>©3a^*SRB^5CJQ: 0 . fid sup, 0 swq)Oti«^IE^:fc 

[0049] qCXb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zswq ) * 
4^»fC0 sup, 0 swq)K C©J: 5 %tt®*i*-5C £ 
S ^. X . ^<OttJWl»Ml SCi «tt W? i> . 
[0 05 0] tt»2 
ffiScD*&fTtC*sl>-Ctt. *-2>fflC0*ii??tL/. ^SC7*SS 



(6) 



C > CO • • • &7 

fC0sup,0swq ) =C • • • a 
q(Xb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zswq) = C • • • S8 b 
[005 1] ttK2©«m 

«. wmBfr <,g.mmm ^(ommu. mom 
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*iSf3Z b*jS^CCt9;5e-rn«> S2a, S2b, 5$3t? 
5fci*>6tt& 0 sup t 0 swq *5^fc^S;5rS§S-r€. 
SET So 

[0 05 2] 0 sup > Sfrid swq > 3" • • • %9 



q(Xb,Zb,Xsup,Zsup,Xb,Zb,Xswq f Zswq)< 1/sin (3) + l/sin(S) • - 

•Kf- r/JlO *%£$tl. |SJ1i(CROM8 4rtK:t&*ft<*ft 
-S„ j^. ZMP (Zero Moment Point ) *#giCj:o 

[0060] ttissn-c^a^^y-afBa^aiAUiS 

SlTlSas 18, 2 0 R ( L) (DiZm. ■ sSIS) fc«fcOU:{* 

[0 06 1 ] J:9JlflcttK:»> • Kc 

^•rin< . s i oftt>mitLtc'&, s i 2&cilA,-c» 

KHHAt (fflfMKB. miflOms) <r<t©£-/vS(j 
0i&#*f*«U SJ9i^#*S£S 1 45CjI^B#M 
t £ A t KtfUrO . S 1 6 CCj»/^-CRS8J t <^B# 
^ij) {C*»W*B«Lhfl:*^fl[« (Xb.Yb). B«-h#s£?5 

cexb, evb, ezb) . mm<Dsm&^ (strtw®) & 

S (Xsup.Ysup.Zsup.Xswq.Yswq.Zswq)*^^^' id xs 
up, 0 ysup, 0zsup, 0xswq, Svswq, 0 zswq)££Cffi 

[00 6 2] ^l^-C S 1 8 &CiiA,-eB«LL«:iiS3 Zb4 

•JT^f ACCSLfii-rS. 

[00 6 3] 06tt^©S«Lh#S;*<&£T;U:J 'JXA 

[ 0 0 6 4 ] 0 6 GCijrr T^=fU XA«ifirj£©*# 
JJiOi£ 3 ;KS«cJ2;360fc *>©-?*■&. ^©S^HJIi 



[0 05 3] C<Di#©±*i*3*6^<rtC±^i«§?: 

-rn«\ q (c*& < & o-cMg*£t?ii at 10 

So Cfttt. ^^jffiS-rSffi^OCJCML-C. S8b 

*_b#?i.s z b*5#aE-rsc isrsw-rs. 

l/sin( 5) + 1/sinC S) <C <Sl|5R^ • • - SI 1 
Vsin( S) + l/sin(S) *C0i*»W«. ttS2*«f#6 

ns. 

[0 054] * fc> 1±!§t 1 ^6^©14©* s ^nSo 
[0 05 5] 14W3 
5£8 aoifcBS8 b ^«S-TS±*i»S Z b BC*/hS 

# < G^< fcS) . .Q*ftgRg*fc*& <t^i, ±f** 20 
$Zbi*S2 ©^&ftj*&©±{MS s cc jr^-t S. £ 

[0 0 5 6] f±»4 

w^t f i ©w©± ^ (c^a©^M©ft teat l -cat* 
^©^^Kfttf^itc^fisnsoT^ jbp©jh# 

S#4>&<-C8?tf. S£o-C, *MTB$©Mgpftj&g*fi*NiI 
t>*S<&*. ~, 30 

[0 057] JJB*IWi£ L-C, C©»g©S6fP*SuBJ 

-rs. 

[0 0 5 8 3 04 K^-TiP < . C ©Slgtt. J£7MBW 

^•©^©^tts^^to^n. -en(cs^Jc>rs©ao* 

HUieL//c$IJ®lJ.-^ F2 60ROM8 4{C^tt3tl5. 

[005 9 ] 0^L/%t^^^'<'>tc:*jurs« 

ZMP©tflS|:*5^3^, W^JtlfcSSZMP* 40 
v^JE-T S J: 5 K±#©&K!M^ ^ - * ( & S t »«B#^5IJ^ 

f ( 0 sup , 6 swq) = 1/si n ( 6 sup) + 1/si n ( 6 swq) 



5U 2 



[0 06 5] Sfc, ±W«3?:^-rS/c*©^<t L/ 
r«T©^ (5fe©2^7U-C©^oS;8 a(CtB^) 

fC0sup,0swq ) =C • • -SI 3 

[0066] c<Dmm<DBM-cte. i 2 . s; i 3 zm 

fco 1^. ±^W3*iL«S { JfCJS< C<h*i-C#JoCC^©-C^ 



50 



5fc#>So 

[006 7 ] WT. 06©7n-^ + -h?riSoig-rS 

5fcTS 1 0 0{c*J(,»T@«±fti«3Z b*{g^Ji6-r 
-5. cn«. B«Lh{*WSZb*JR«aWKJ:o'r*2e) 
Sfcd?)©»]Wffl-c*S. 

[0068] ffi^X S 1 0 2 *iStr S 1 0 4 (Cjl^. ffi 
ie0fcS^±#7K¥tiiM (xb, Yb) . (Sg*g±f*iS3z 
b. B«±^^ (0xb, 0yb, 0zb) . MWKOC^r 
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©g$I£¥ (SmSlgP) (4S • (Xsup. Ysup, zsu 
p, 6 xsup, Sysup, 0zsup, Xswq, Yswq, Zswq, flxsw 
q, 0yswq, 6>zswq) ^H^tTfC cfc o-C^W 

©gtuawgp&g (ffi«) <ij®W©B«)&WgiHag (06 

is) z hic3mmv>mW:BMB®m (mm) t 
sms^a® (mMmmmm) ©m ( taxsup. ay su 
p, azsupj ijswKDg^saragpjag (&«> 

<hg«S¥(4S (£lfR|g0ffie) ©^ ( rAXswq, Ays 
wq, AZswqJ £t,>5) 
[0069] ffi^X S 1 0 6 iCjtt<&. HftW$C©5gSK 10 
*^>rHSW«KfE-9r3^WBSH»ae sup 

)&Wg5ft (9 swq *#5t>£. «Hr»r S 1 0 8 «Cil*. «A 

1 3 ©Mi2©ffi©^Err £5fcat>£. IMfrflCCB. BItk© 

[0 07 0] «K,»T S 1 1 0 Err ©K&*tffl#lK 

jfc»*©3irf?ffl«i>i a> > m nims-c * 6 « &*(c 
+»/h3i # »*»5***iK , rs. s 1 1 o-cimmm. 

<e©i*©±»i«SZb*B«Lh««3{c»aeo.r^a 20 
[007 1 ] SI 10-CSSS^itliSl 1 

4 tea*. Hi*©JB^ccj:oTjeffis*jfc«>s. ran. 

C©2C«MErr <Z>SC%Zb-C<ea^Lrmcfe©-C* 
■5. «l>tSl 1 6tcjl#. f©itf©iS±ftiifSiC 

- S - Err ZmZ-tcm. IP^> ^Err «C«flCS*SRCfc 
Z b *» 6«Mt 1/ fctf *frfc*±fWS 3 ttttfi[ <b U T 
ZbfcttAU S 1 0 4CCKS. 

[0 072]^ IH»©*iS^tt*i9SC^JS-C«@lll± 
(WSK-s -ept *Jn*fc«3WHW[©5e««*iBA* 30 

«^*t*s©t?. *©»tc»a«±f«i3is»iiB©SEie 

[007 3]i57n--^t- KcRSi, l£l>TS 

2 0 KJ^"CB«U:flc*TttB (xb.Yb ) . S«±#i8i 
3Zb, aS±»^ (0xb, 0yb, 9 zb) . WW©@« 
JE¥ (JSlrKiS) itm. • (Xsup, Ysup, Zsup, 0 xs 
up, Qysup, 9 zsup , Xswq.Yswq, Zswq, 0xswq, 6>ysw 
q, 0zswq) *ie^D©jI*^V-r-^ ?*MJ}t(C «fc -jt 
B«£W»ft. BP*. H01OR(L). 12R (L) 

2ffl©WflS©B«ftflt**«>*. *ftft«»fliB 40 
HfrfB L/fcR AM 7 4 CCtS^f S. 
[0 0 7 4] ^C»"CS 2 2{Cit*. *Jt)fcBSM8iSft <£ 
tt&J:9fc. «TI3t/)tai«Bt«2«:tet,»-co>Jf» r©£ 

mKnt&tiamsti*. fiu c<Dmmn?-#mw 

©» Bi »«»©■** WL«ct»©-r. 
[0 07 5] C ©H*fe©^»«±fB©*P < f8l£L tc<D 50 
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■e. isis^ ©±»ws*i»<^5-rf-3f 
6«»r. iB«*»*c«)oaK©»«3& J /hS<tt 
[0076] H«c v WELfc J: 5 «c#fT q^cc U TA/^A 

[0 07 7] fg«C> fS^BMIM|{C#OT*H*Se£fc 
otl>4C4»6. — #©»$fcjg*J*fc_Bf.Si*©« 
#WAU flb*©*f*«i»3'ttSC43&«-C*. Mi5fe^© 

«*^.uriMf«f©B8asftaflaBstfife/hs < r* c 

[00781 IK, ±*©isa:^i^&g*^# < «c4«C 
otirjft|jtt^©«l3JWI«cSE<t <*OTD) 0. UlTiLh* 
©S&e^ftfiStfSAfc&^fci **Jiyci44ci* 

^StW (if*) L&<-tk. +»K^c#c»ft*ri» 
flp <*t*) rs*>©t?*n«Ai». 

[0 07 9] H8ttC©»W©*2©*»©Jg«MC«* 
«a©fllRS*^T«ltt^Ci » ^0t?$> 9> E9 «^©86 

[ o o 8 o ] m 2 ©**s©0^r la 8 {c^-r*p < . 
m i ©nss©^si©±*ii5S^sr^=fy 

ii S^fiS):©— SB(C . <5ffll©ja^i«lBl!«r# X 

Vfc. iDIftWKiiSl OCCiKt* cfc-5CC. S¥ (®W 

[0 08 1 ] S9»^2©jyg©».«(C^^^g©lft 

1 ©HSfi©0.^©05 4l^«-C*-2>„ 
[0 08 2] JiTF!8iJ-rS i > S 2 0 0 (CfcCi-Cigffll! 

«c*-5i»mtasti*. tt(r»-cs 2 0 2{cafc^a#± 

^iSSZ b*{g^J6L, S204%gtS206K^ 

■cn i ©safc©»»iBiacca[«±©«t«©fi**8t> 

[0 08 3] «T. S208^Ol/2 18 1 © 

3QS©0S§©a 6 7 n - ■ ?t-Fi ISISI^MS^tf 

©**©jf5«©«mB. ^i©Hifi©^as©-en<i:S^ 

[0084] JH2©5llt©«»«±ia©*P< *sSUfc© 
r. mi ©USS^^ilSIfiltc. ±ft*s*»</>*9^ 
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< & & j: 5 <£.±.wm 3 & auEcc^a&r * c £ #-c * s t 
ftct\ ^f^tyTJi'£-YAic±{£iif3 ; £:ifcSi<-cEgtg 

[ 0 0 8 5 ] ft. Iff 1 ©9W©JB«C«'<* £. ti^tc 

jc-Q-ctt^sn/ci^iSs^s-rsup^^ bog 

[0 08 6 3 tajxtf. ±tt©±T«tt£-^j§6lifcC> 

ft3^t|£i&3t»:ft«ll<,>o ChWorMitf, ±<* 
<DTm\m&&*$ < T£¥2 2 R ( L) ©Sft&EEWS; 

[008 7] il2(JC ©^Hjcpp 3 <DHJfi<Dpfi8«:^ 20 

ssHEottflafciwirr si»jws¥«iBJ©siMiar* o , 

01 3»tfl3©^©»^CG&£i£grf#6n&±##l 

[oo88]»3 ©nsfi©^ss«m2 omnomm<o^. 
bm-c$> <o , <s.«iews¥mg*©isie*(sji« 3 &#*© 
«u»«fcOffit<8a3eL/fc. bp*3. hi 2(c*»t»-caaattx 

•fcfrfllKiotvc©. 2*ML SWT«*Kc£r©4MT©1*tt* 
raiWrsti^K. *HW«:«iBD&iSi*S*'I , >S< 

L/cit8PJE¥»li$£iK«ftKi? x £ «fc 5 tC 0 /c 0 30 
[00891 11 3tt*tHC£-?X®fc3tlZ>±tffi$ 

< . OTJamMTOttiBttrffiK 3 *Ttf S C £ K «fc 0 . 
±ftWS i>i&< T *> C &#-C* -So 

[0 09 0] IPS. Hin©2fi!MTi2jJ<* h 1 ©*&ff$U 

«u**is< mmmi 6R <l> **wt:*WTT 

2f» *<Mfcit#*jiff*£» *^©±T»#**<fr-9 40 
rBBS*©±TfiS» (±TJjnjSS) ©XflMKMftttt 
x. Sgffl£©JgifiteJWIWtLfc'5. &ffi*>6©«Syj# 

[0 09 1 ] i3®HiO»lB±E©Jto< HWtOfcC 

Tto^*ffi«stf fc^sasi-r* C £*sr# £„ 

[ 0 0 9 2 ] 0 1 4 «C©|£BjJ©S&4 ©3USt©J&flStCfli 

[0 09 3 ] J*4©£it©?£JBt>. m3<DmM<DBi&£ 
fflUK.. »2©^©»tt©3E*«r**». 0^©in 50 
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<. 3S©JE¥««A7^-f 4^5i^K0fc. EP 
- # J: O'^S^fUHF' ^7>-^2*6iS53S©^ 

[0094] <SiSS¥«u»» mr;i/rf y xa 2 -cmm 3 
nss^&s • (*r»©to<=SW^«ct*JMrH«© 
fig • ss») a. m 1 ©«ira>**r j^fc*3Wtt« 
iWir**. ffe^r, <s^j£¥«ii^#tiiT^^';xAir 

mtbicmm-rz &©-c* 0 . eaas^wemmr^ y 
XA3t?»m3ti^{gffiffl««^ffij: 0 *>a«6{c^«j-r 

[0 09 5 ] ibj8«:. ±{*ws»aer;u=fyxAfc3ffl 

;W;XAl, 3-C&?£3*iSffizbi,3 ±<*i«3© 

[0096] ^3ftfc3M©ffiWi5a>t?¥J$:Xn ^ 5> 
CCA^3tl. -ec-C^iffi^ffl(Zbav7!»i»m3*T,S. #>< 

e>n/c±*iS3 J; ^©ftfe©^*5 ^ - ^ k»-3c» 

ffi3ft£„ 

[0097 ] m4©H)te©^»±ie©SP< ^fSL/fc© 

■c. ^ro©Hifi©m^£i5i«©^*^-r5<!:^(c. m 

9n<Dim < . 3 m<D&B<D¥-te)Uzbav$:$ilb -5 C £ -CMi^ 

K3*/h3 <-r.se £*s-c#-s () cnic«tori^©5r# 

l^-T 5 £ * & £'&©/SW»©A-£ l^ff 5 BHK t>. ± 
[0098] CCT, m2^C»l/04©J|j6©^®rffi 

2 - 3 2 4 1 1 5mm<D&ffi) ^rfflC^T^ 

[009 9] m2^ct^^4©S?M©f^{C*}t ; ' 

r. ±f*©a««» • s¥©a«*f^© 

©^*«TK:^r„ 

nrt>s*»#{ctt. f-itf-xjwsjfcsiMfS, bp 
^ . t «t o * s i^ia5fe©es±i*fiig*^* 

[0100] 



(9) 
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[«1 ] 



m 



XbvCt) = 2WnXb(t+kAt) 
k=n 



X b(t) immtco B «-t 

X bv(t) itWM KOSSittzK^ttSo 

[ o i o i ] b ) m&(Dmmii#7im L tiim*:7 -oitnc io 

(TnS +1)/ (TdS +1 ) 

[ 0 1 0 2 ] a 1 5 «C©#feBJ©JfT5 ©*&i©ff*a&cO& 

zm&omi&zm-rmm-fa ? ?mx$> <o . h i e b* 

coio3] 05©f|j5fc©0<?ra;t > la i 5 ic^-rip 
<. ^1 (DrnmoyB^A^h^Acmmmmic^-ox 20 

[0104] *5©|(M©JB»K:«a±(fi«<Sfc 
feT)l3<) X&*m 167B- - + - h&#ML/T!£ 

1 ©%tb©$|g©H 5 £BI«T?**. 

[o 1 0 5 ] vcrwm-tzt. s 3 0 ok:*$ot0i © 
i*K^»^j*K5FWA t criccgtffisns*^ ztizmf 30 

©1 j^WJCto/c-pT^-riv JttCil ltC^nL/cJ^ft 

^ (ccr risesg^j £i>*>) £lt{e*.£c £#r- 

[0106] «1>T'S 3 0 2K*/*/C3ja&fc±fM*3K: 

7 4 )i>2$m%fii,\ @«±#K 3 c©j:$ 
(C» til* (JBGt&tt?) 40-^X7^^W5Ci? 

[0107] m5<Dmm<Dmmt±m<Dm< mt&ofcc 
&-c. sefr©ms©^.®©?*m«:»niL-r^ft{bteaK:j; 40 



[0 10 8]fi#. coJcSfcawacfcoT. 

»eestifc±*i«s*iiar-B*o#» h©^ (£n 

0 5 £ * cc «. WPWfc (c J: o r±(«S 3 *i«c *»«c a» 
[ 0 1 0 9 ] H 1 7 « C©^BJ©^6 0gm®*gttfCflt 50 
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zmsommzwrmm-fvy ^0r*o. bisk* 

[0110] f 6(DiI©0iiC*^t«, 01 <omfa 

s«Lh#j© 3 (02 £ * -5 ) (Dmrnw-xj* t 

[011 - ^t-h*#IL.tI6® 

IS6t©0SgK:0iS§SH©±f*i65 3 t«Er * =r y 

i ©njs©^ss©ia5 &mttr&&. 
[0112] sfc-rs 400 {c*ji>r0 i <D-$m<DJtmx 
m 6 (cm t ra!-</cMa*tf r JH5E^M-c©a^jb» 

«3 (0 1 m&B) ^TS4 0 2 tcMAsXft 

CC0 1 ©ffi*R»Si Uta^fciMC^fljS^ffl^ 

xm&$mx<Dmm±.imz (02 ©m&^) 

[0113] «t»r S 4 0 4«ca^3WfiE«fJBl (B#^J 
t) t©f*Wl, W24^T4. (IU 1OT1, 

W2(j, w'i+w2= i*»eu vi, W2^n-?n 
©K5fra^k*5?#6^-c*.5J: ; 5«:^-rSo .Mors 4 

0 6(C^"CJnS¥^lffi«:»tii-r-S. BP%> 01- 02 
©MjS0fflcc9Be b W 1 , W 2 0 T f#fcfl£ 

[0114] 06©mt©0JIS«:*or»±ie©*n< 81 
fijtsctr, semr©jl^©ff$Slr©59!im4cjn^.r. s 

S±»iS3{COC»-C. 01H^^C*fL/-cm«02© 
JUaSBK* * 4— 5£ffi h 0 (C -T £ . ±T»W* W 1 fgK: 
<Sj«-rSC£^r#-5 0 (1 L/ v h 0 *i«< UMtrS£. 

? h©^l& (^Mg5ft©ffl) 
4. 

[oii53^ m6v>mm<DBmixt l tmmw2'?<D 

[oi 16] sfc, 06©i«i©^-c«. m2jfmm 
u0 5 ommmzmc^ l tc^m^o^m^m^xn 

Si^tclfcAi, 01 ©|^JS©0fl8* Olf5 ©5US© 

[0 117] 01©S?H©7f*Si. 02©HSS© 

4>4CH*03!&C>L/05©H«i©0S8*fflO-C^ 
tt< £*> lffl©±»i«3JRil»B%3|S». e«c*©89B«: 

#*/ca^©±ftiffi 3 M^^^ifiS l- r-e n e>©M&0 

©JnS¥^**«>. ^n€r@^±ftiS3£UT4)^0„ 
[0 118] Mtc. UT<D^mt£r>XM;mte'iWXt> 

4) 
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$m&n> tti&m i ^wcfiisu <kk.$& i f-- 

[0119] j|I5®£gt®Jgtt&A&Q. ffteBfgg 
«05 t #K^S&©S$I±&i«3;WI$yfcJ; 0 

[ o i_2 o jii 9 uc<DmM<om7 aymmmmicm 20 

[0121] ^70H)5SCDJf^CC*orW. m6CDHM 
[O122102O7D— ft-h4#ILt®7© 

wmmmvms trawe**. 30 

[0 1 2 3 ] fcTFBilJrf ££. S500i&l^S506 

wmz*mc&, s 5 0 8 (cit A,-emtcmicm 5 ©mis 
[0124] m7<Dnm<Dftmiz±§z<Dim< mmLtco 

[ 0 1 2 5 ] 13 2 1 «C©2SBJ©lf8©IWfe©0«gK:Gfi 

[0126] Jg8©H)!i©ff$8g5C*oTtt. 0^©An 
< . » 7 0^®jBAB©4ftJiK£tt7tl3 If -5, «fc -5 5C L fc„ 
BP*>> ^lM^i02M?Sff5*^<T,-€ t n»na¥^L'-C 

3f#"Jlftfc:£j&U ^*l£S#W5, W6£ffll,>ooJjnS 
WUTS«Lh(*KS4*a)5J:^(cbfc. ccr. * 
*W1, W3. W5, *SW;£W2. W4, W6B, -e 

[0127] f& 8 ©n^©0g8(c*3or«±iB©in< tii 50 
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gjifccir, wmt bxmm<omm<o^micim. u 

[oi28]«j, cntUitcwfibftit^iftuiw* 
tt&oaiirr-s ±&©-tT7raa@f«ffi 

[ 0 1 2 9 ] g| 2 2 « C©2SBjj©|j| 9 ©ggMKH&MKCffi 

^^©©^RS*^-rijiBj0-e*?,o ai9©sit6©^ai{c 

*5(,>T«4S (JE) iMfOntff* h^tiU ^©# 

[0130] &crm.wtz>£. 0^©4£^tp*'* h 
looa, ±& (»*) 1 0 2 <t. ztiicmmmm 1 
04 oris oft:)* 1 ©BUS) £/c ora^s ft £4:$© 

WSP'J>^ 1 0 6^6^-5. 4#©Wg|5'j>* 1 0 6« 

^■n-en. -e©5fcif£ (Kfttt) 1 0 8 <h©ra{c]g?Bgg5 1 

10 (S?tabfc^2©Mgi5) H>iH*ls&t> 

[0 13 1] mm<D4 3.mra#? h 1 0 0tcfei,>tt 
get(r©lll!iS©^-C©2S^fn^^ h 1 £E1«K:. ± 
i*l 0 2©*^(4g (Xb, Yb) (0xb, 0y 

b, 6i zb) ;>ci^±<*©i«3 z bz&tbxmm 
104, ii o&ibmh&iu j:or0tc^eiJ-c^-r^- 

[0132] _her. 023 icjjk-riitK ±&m$ z b 

±ft 1 0 2 ©J6ffi©t£<(> 10 2a £J*M 1 1 2 <fc © 
ISB*I^ (fi^J^) ^Str^To S/c4 3|s:©JWg|5 , J> 
^1 0 6©IB?ragpl 1 O©ftg?:0n > W^feigl 0 8© 
(Xn, Yn, Zn) (n : 1~4) T^-r,, 

[0133] m9<Dmn<Dnm< l mzms:<DW)i'Ezm2 

■ * + -V*^W.VXmi?Z>t. S6 00* 

6s 6 o 4 *rcEtt©3W©jB»&ro«©*ra*ff-»fc 

f^. S 6 0 6 (Cj^-Cim t tc*j»* B^i^^feg 
(Xb, Yb) . a«±<*«l& (0xb, 0yb. 0zb) . fcJ: 
0*gSW5fe^f4§ (Xn, Yn, Zn ) (n : 1-4) ** 
sb. S6 0 8KMtBI±ft«3Z b^r^^„ 
[0 13 4] 02 ^^(DVm^mt^^-^ ■ 7 
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